Digital micromirror devices (DMDs) are powerful tools for photostimulation applications, including photoconversion and optogenetic manipulation, owing to their robust ability to produce novel illumination patterns with high spatiotemporal resolution. In this Application Note we showcase recent work describing how DMD technology integrated into a Nikon system can be applied toward light-gated optogenetic control of intracellular signaling.
Digital micromirror devices (DMDs) are powerful tools for photostimulation applications, including photoconversion and optogenetic manipulation, owing to their robust ability to produce novel illumination patterns with high spatiotemporal resolution. In this Application Note we showcase recent work describing how DMD technology integrated into a Nikon system can be applied toward light-gated optogenetic control of intracellular signaling.
DMD technology and integration into imaging experiments
DMDs consist of rectangular arrays of many thousands to millions of microscopic mirrors ( Fig. 1) , each of which may be deflected between 'on' and 'off' positions separated by an ~12 o tilt. As each mirror may be independently controlled, countless programmable illumination patterns are possible. Furthermore, DMDs are compatible with LED light sources, providing flexibility and cost savings compared to alternative laser-based systems for photostimulation, such as galvo scanners.
With Nikon's Laser Applications (LAPP) illuminator system, up to two DMDs (depending on the model) may be added to the microscope light path, allowing users to simultaneously stimulate with two sets of distinct patterns having different wavelengths and intensities.
Furthermore, the LAPP system allows for up to five illumination modules on a single microscope, enabling easy combination of different imaging modalities such as DMD and total internal reflection fluorescence (TIRF) (Fig. 2) . Because LAPP illuminators attach to the back port of the microscope, users can add further imaging functionality through the side port(s), including confocal scanners.
The LAPP system also provides a built-in upgrade path. For example, users may start with only an epifluorescence module and then easily add further functionality as needs evolve.
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